Single crystals of 8-HydroxyQuinoline (8-HQ) and Benzophenone substituted 8-HydroxyQuinoline (B8-HQ) are grown by slow evaporation of acetone at room temperature. Coloured crystals of 8-HQ and B8-HQ with good optical quality of dimensions 54 × 3 × 1.5 mm 3 and 27 × 3 × 1 mm 3 are harvested. Single crystal X-ray diffractometer was utilized to measure the unit cell parameters and to confirm the crystal structure. The presence of various functional groups in the molecule was ascertained by FTIR spectral analysis. The cut off wavelength of 8-HQ and B8-HQ was centered at 350 and 356 nm. The functional groups in the molecule are elucidated by 1 H and 13 C-NMR spectral analyses. Kurtz Perry test confirms the SHG in8-HQ andB8-HQ single crystals.
Introduction
Nonlinear optical materials (NLO) have wide applications in the area of laser technology, optical communication and in storage devices. The high non linearity makes it possible for organic crystals to double the frequency of Ga-Al-As diode lasers for generating blue light which is an important coherent source [1] . One of the advantages in working with organic materials is that they allow one to fine-tune the chemical structures and properties for the desired nonlinear optical properties. In addition, organic crystals have large optical susceptibility, inherent ultrafast response and high optical threshold for laser power as compared with inorganic materials. Moreover, their lower cutoff wavelength and a wide transparency window in the visible region makes the candidate materials subject for extensive investigation [2] .
In this context 8-HydroxyQuinoline (8-HQ) has been identified as an important material for NLO applications in the visible and ultraviolet regions. M. Rajasekaran has reported the growth of 8-HQ single crystal by slow evaporation technique using chloroform as a solvent. The cut off wavelength is below 400 nm [3] . Recently K. Aravinth has reported that the cut off wavelength of 8-HQ is around 390 nm and the lattice parameters are a = 3.85 Å, b = 24.93 Å, c = 28.72 Å, V = 2754 Å. The grown 8-HQ crystal belongs to orthorhombic system with non-centro-symmetric space group Fdd2 [4] . Elena M. Filip et al. have performed quantum chemical semi empirical PM3 calculations optimization of 8-HydroxyQuinoline (8-HQ) structure, dipolemoment, polarizability and other physical parameters [5] .
The sonochemical fabrication of 8-HydroxyQuinoline (8-HQ) aluminium (Alq 3 ) nanoflowers with high electro generated chemiluminescence was reported by Chang-Jie Mao et al. [6] . Due to the continuation of interest in the supramolecular arrangements, a new crystal structure of hydrated 8-HydroxyQuinoline chloride was synthesized from a reaction mixture consisting of 2-chloro nicotinoyl chloride and 8-HydroxyQuinoline (8-HQ) [7] . Additionally the tunable photoluminescence from tris (8-HQ) aluminium (Alq 3 ) blended thin films of Alq 3 embedded in poly methyl methacrylate matrix at different concentrations are also investigated by J. G. Mahakhode et al. [8] .
The interaction between donor 8-HQ and π acceptor P-Nitrophenol has been investigated spectroscopically. It was shown by 1 H-NMR that 8-HQ with π PNP forms complex of 1:1 stoichiometry. Infrared spectral data indicates a charge transfer interaction between donor and acceptor due to n -π * transitions by the formation of radical ion pairs [9] .
In this paper, we report the results of our work on the influence of physico chemical characterization studies of benzophenone substituted 8-HydroxyQuinoline (B8-HQ) NLO crystals along with characterization by single crystal X-ray diffraction (XRD), Fourier transform infrared (FTIR), UV-Visible-NIR and 1 H & 13 C-Nuclear magnetic resonance (NMR) spectral measurements and NLO test for the first time.
Experimental Details
The starting materials are commercially available (EMerck). The solvent evaporation technique was used to grow single crystals of 8-HQ. The corresponding 8-HQ salt was dissolved in acetone to prepare a saturated solution and the solution was filtered using Whatmann filter paper. The filtered solution was then taken in a beaker which was hermetically sealed to avoid the evaporation of the solvent. Optically defect free good quality single crystals of 8-HQ with reasonable dimensions were harvested in a month. Benzophenone (5 M) was substituted with the solution containing 8-HQ and acetone. The concentration of the growth solution was fixed at 3 M. Within a month, seed crystals are formed due to spontaneous nucleation. In the present work, good optical quality crystals of pure 8-HQ and Benzophenone substituted 8-HQ crystals (B8-HQ) are harvested. Figures 1 and 2 show the photographs of asgrown pure 8-HQ and B8-HQ crystals.
Single Crystal XRD
The X-ray diffraction data was collected using an automatic X-ray diffractometer, EnrafNonius CAD 4-MV 31 Bruker kappa APE XIII. The structure was solved by the direct method using SHELXL program. It is observed from the X-ray diffraction data that both pure 8-HQ and Table 1 . The results of the present work are in good agreement with the reported values [4] . It is evident from Table 1 , that the doped sample has a slight variation in the cell volume. The variation in the cell volume may be due to the incorporation of Benzophenone into 8-HQ crystal lattice.
Ftir Spectral Analysis
The FTIR spectroscopy study is effectively used to identify the functional groups present in the crystal and to determine the molecular structure. In order to analyze qualitatively the presence of the functional groups in 8-HQ and B8-HQ, FTIR was recorded using the Perkin Elmer Model spectrum-100 in the range 450 -4000 cm -1 and the corresponding spectra obtained are shown in Figures 3 and 4 respectively. The FTIR spectrum of pure 8-HQ is presented in Figure 5 . The aromatic C-H stretching appears at 3029 cm -1 . The band assigned at 1576 cm -1 is attributed to C=C ring stretching vibrations. The C=N stretching vibrations appears at the region of 1694 cm -1 . The peak at 3743 cm -1 is designated to O-H stretching. The peaks at 1271 and 1222 cm -1 are assigned to C-O stretching vibration. The aromatic C-H plane bending appears at 1163 cm -1 . The C-H out of plane bending occurs at 707 and 738 cm -1 . The peak at 1433 cm -1 is assigned to O-H plane bending. The spectrum of B8-HQ is shown in Figure 4 . The spectrum carries nearly similar features of pure 8-HQ spectra. An additional peak at 3057 cm -1 is observed which is due to the C=O stretching of Benzophenone. An interesting observation to be mentioned here is all the peaks of Figure 4 are shifted to a higher frequencies of 1 cm -1 , and hence it can be stated that there is harmonious existence of dopant Benzophenone into the crystal lattice of 8-HQ. Higher resolution of peaks and enhancement of the bands between the region 3400 -1500 cm -1 are also observed. 
UV-Vis-NIR Studies
The UV-Visible absorption s 8-HQ was recorded in the wavelength region 200 -1500 nm using a VARIAN CARY 5E model spectrophotometer and the obtained spectra are shown in Figure  6 . When the absorbance is monitored from longer to shorter wavelength, the absorption is found to be moderately low in the visible region and the near infrared region of th sirable property of materials t off wavelength of 8-HQ was found to be at 350 nm which is in agreement with reported values [3, 4] and the cut off wavelength of B8-HQ crystals was centered at 356 nm which is a desirable property for SONLO materials. e pectrum of pure 8-HQ and spectrum. This is the most de possessing NLO activity. The cu B
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1 H and 13
C-NMR Spectral Analyses
The 1 H NMR spectra of 8-HQ and B8-HQ were measured in Tetramethylsilane using the instrument Bruker AV III NMR spectrometer.
1 H and 13 C spectra of pure 8-HQ and B8-HQ are shown in Figures 5 and 7-9 respectively. The structure of 8-HQ single crystal is shown in Figure 10 . A slight variation in 1 H-NMR spectra is observed in the Benzophenone substituted spectra of 8-HQ. The addition of peaks centered around 7.175 and 7.160 ppm may be attributed to the incorporation of Benzophenone in the 8-HQ crystal lattice. Thus it is clear from the spectra that the characteristic functional groups of 8-HQ and B8-HQ are evident. In the 13 C-NMR spectra, the various functional groups in the carbon bonded network of 8-HQ and B8-HQ are shown in Figures 5 and 9 respectively. A slight variation is observed in the B8-HQ spectra. Thus it is ascertained from Figure 5 , that the addition of ketone functional group is revealed in the spectrum. .
B8-HQ single

NLO Test
The NLO property of pure 8-HQ and B8-HQ were measured by Kurtz Perry's NLO test. ANd-YAG laser beam of wavelength 1064 nm of pulse width 8ns and repetition rate of 10 Hz was made to incident on the sample. Second harmonic radiation generated by 8-HQ and B8-HQ were focused by a lens and collected by a photomultiplier tube. In our study, KDP was taken as a reference crystal. The output power intensity of pure 8-HQ was found to be 0.75 times that of KDP [4] and B8-HQ was found to be 0.85 times that of KDP single crystal.
Conclusion
Single crystals of pure 8-HQ and B8-HQ were grown successfully by slow evaporation technique at room onth. The non-Centro-symmetric nature of the crystals was confirmed by XRD. The various functional groups assigned to 8-HQ and B8-HQ were confirmed by FTIR spectral analysis. The UV-Vis-NIR studies show that the cut off wavelength of 8-HQ is at 350 nm and that of B8-HQ is at 356 nm. The protons and the carbon bonded network in these samples were elucidated by 1 H and 13 C-NMR spectral analysis. Studies pertaining to TG/DTA, SEM, Dielectric and Photoconductivity are in progress. 
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